Degradation of imazosulfuron in upland soils was investigated under laboratory conditions using two kinds of 14C labeled imazosulfuron. Imazosulfuron degraded with half-life of approximately 40 days, and the major degradation pathway was the hydrolysis of the sulfonylurea bond to give ADPM and IPSN. The leaching studies of imazosulfuron using non-aged and aged soils were also conducted. It was found that imazosulfuron was less mobile in soils when the soil column was eluted with 0. 02 N CaC12 solution after 30 days of aging period of time compared to non-aging. Main degradation products, ADPM and IPSN, were adsorbed in soils stronger than imazosulfuron.
INTRODUCTION
Imazosulfuron, 1-(2-chloroimidazo [1, 2-a] pyridin-3ylsulfonyl)-3-(4, 6-dimethoxypyrimidin-2-yl)urea, developed by Takeda Chemical Industries, Ltd., is a sulfonylurea herbicide and exhibits potent herbicidal activities at relatively low application rate (9 g a. i. /10 a) against annual and perennial weeds such as Cyperus difformis, Lindernia procumbens, Eleocharis kuroguwai and Scirpus juncoides in paddy fields with a rice plant selectivity. 1, 2) When assessing or simulating the behavior of pesticides in soils, the soil degradation rates and the sorption constants of pesticides are very informative. [3] [4] [5] In our previous study, 6 a significant difference in the soil degradation rate of imazosulfuron was observed between aerobic and anaerobic flooded conditions. The halflives of imazosulfuron were determined approximately 60 and 3 days under aerobic and anaerobic conditions, respectively. In agricultural practice, the soil surface layer of paddy fields in Japan is maintained to be aerobic flooded condition, and converted to upland condition after the flooded period of about 3 months. Therefore, imazosulfuron that has persisted in soil surface layer of paddy fields would go through upland condition follow-ing aerobic flooded condition. Thus the degradation and leaching of imazosulfuron in upland condition need to be investigated in order to clarify the behavior of the herbicide after its application to paddy fields. The soil desorption constants of imazosulfuron to the soils under upland condition increased accompanying with time. From this finding, it was considered that the mobility of imazosulfuron would decrease with time in upland soils.
In the present study, the degradation rate in upland soils and leaching potential of imazosulfuron were investigated under laboratory conditions. MATERIALS AND METHODS All other chemicals were of reagent grade unless otherwise noted in this paper.
Soil
Ibaraki soil collected from the paddy field, and other three kinds of soils collected from upland fields in Japan were stored at 10C in the dark, and subjected to air dry prior to use, and followed by passing through a 2-mm sieve. The physical characteristics of soils analyzed in Palyno Survey Co., Ltd., Japan are summarized in Table  1 .
Radioassay
Carbon 14-radioactivity (14C) in soil extracts, trapping solutions for volatile 14C, eluates from soil column, and radioactive silica gel regions on TLC plate were quantified using a liquid scintillation counter (LSC; LSC-903, Aloka Co., Japan). 14C in soils was quantified by a combustion method using a sample oxidizer (ASC-113, Aloka Co., Japan). The radioanalysis using the external standard method was previously reported by Mikata et al. 6
Soil Degradation 1 Incubation
Soil degradation study was conducted using Ibaraki soil shown in Table 1 . Twenty-five grams of the corresponding air-dried soil were weighted into a 100-m1 glass beaker and placed in a 3-L glass chamber fitted with air inlet and outlet. The soil moisture corresponding to 75% of 1/3 bar was adjusted with distilled water, and then soils were preincubated at 25C for two weeks in the dark. Carbon dioxide-free air passed through a 0. 1 N NaOH aqueous solution was continuously purged into the chamber at the flow rate of 60 ml/hr. The soils were treated with either 5. 0 , u g of [imi-14C] -or [pyr-14C]imazo at the concentration of 0. 2 ppm on air dry weight basis followed by incubation at 25C for 360 days. The application rate was twice as much as recommended use rate in order to achieve sufficient accuracy of 14C measurement. The effluent gas from the chamber was passed through 70% C2H5OH (100 ml), 0. 1 N HC1(100 ml) and 0. 1 N NaOH (100 ml) aqueous solutions in sequence to collect volatile 14C and 14C-C02 evolved from the treated soil. Each trapping solution was renewed every 2 weeks.
2 Extraction of soils
The treated soil was extracted twice with 1 N NH4OH-CH3CN (1:1, v/v; 35 ml) using a mechanical shaker for 10 min, and centrifuged at 1600 X g for 15 min, and the supernatant was collected by decantation thereafter. Further extraction was made using CH3CN (35 ml) by shaking method as described above. The supernatants were combined to concentrate under reduced pressure. In order to quantify imazosulfuron and its 14Cdegradates, a portion of the concentrate was subjected to LSC, TLC and/or HPLC analyses using the same conditions as our previous report. 5
Column Leaching 1 Non-aged soils
The air-dried and sieved soil was applied into a glass column (4. 0 cm in id., 40 cm in length) and filled up to a level of 29 cm. The soil column was flooded with an 0. 02 N CaC12 solution from bottom to top. The soils were treated with 12 pg of [imi-14C] imazo based on the recommended use amount per the sectional area of the column, then layered on the top of the soil column (depth: 1 cm). The soil column was then eluted at room temperature with 700 ml of 0. 02 N CaCl2 at the rate of 20 ml/hr, corresponding to 560 mm rainfall. At the end of elution, the soil column was sectioned into five segments, and the soil segment containing more than 10% of applied 14C was extracted using the same method as soil degradation study.
2 Aged soils
Twelve grams of soils preincubated under the same condition as soil degradation study were treated with [imi-14C] imazo at the same rate as used for non-aged soils. The treated soils were placed in a glass beaker, and then incubated for 30 days. The incubation period of 30 days was set to be about half-life of imazosulfuron in upland soil in the present study. After incubation period, the treated soil was placed on the top layer of the soil column, and then the soil column was eluted as described in the non-aged soil study.
Soil Adsorption
Freundlich adsorption coefficients of ADPM and IPSN, identified as main degradation products of imazosulfuron in upland soil in the present study, were determined using the same technique as our previous report. 7 Five grams of air dried Kagawa and Niigata soils, in which imazosulfuron has been absorbed poorly, 7 were added to 25 ml of aqueous solution of 14C-ADPM and 14C-IPSN, respectively, at the concentrations of 0. 05, 0. 5 and 5 pg/ml, and shaken continuously for 24 hr.
Adsorption Fig. 2 . The extractable 14C decreased with time, and accounted for 46. 8 and 41. 0% of applied 14C in the soils treated with [imi-14C] imazo and [pyr-'4C]imazo, respectively, 360 days after the treatment. On the other hand, the nonextractable 14C increased with time, accounting for 50. 1 and 54. 0%, respectively, on 360 days after the treatment. The volatile 14C generated from the treated soils was determined ranging from 3. 6 to 5. 0% in both labeled compounds for period of 360 days. More than 92. 2% of applied 14C was recovered from the soils through this study.
2 Degradation products in soils
Degradation products in the extracts were purified and characterized by TLC, HPLC and/or GC cochromatographies with authentic compounds. The amount of imazosulfuron and its degradation products is summarized in Tables 2 and 3 . Dissipation curve of imazosulfuron shown in Fig. 3 was well described by the following equation:
[A]= a X e-bt+ c x e-dt and the half-life (T1/2) of imazosulfuron was determined approximately 40 days with a good correlation coefficient (R2=0. 991). IPSN and ADPM were identified as the major degradation products in the soils treated with [imi-'4C] -or [pyr-14C] imazo, amounting for 42. 9 and 35. 6%, respectively, on 360 days after treatment. HMS was identified as the minor degradation product in both treated soils, amounting to 0. 7-1. 5% 360 days after treatment. The volatile 14C trapped in the 0. 1 N NaOH Table 4 The amount of imazosulfuron and degradation products in soil column and eluate in non-aged soils.
ND: not detected. aged soils. Table 6 shows Freundlich adsorption coefficients (K) of ADPM and IPSN in Kagawa and Niigata soils. K values of ADPM in Kagawa and Niigata soils were 2. 86 and 3. 52, respectively, which were larger than those of imazosulfuron (1. 62 and 0. 96, respectively). K values of IPSN (1. 70 and 1. 16) were also larger than those of imazosulfuron in the same soils.
Soil Adsorption

DISCUSSION
In the present study, it was found that imazosulfuron degraded in upland soils to give ADPM and IPSN as the primary degradation products.
The degradation of imazosulfuron in flooded soils has been reported. 6 Imazosulfuron under aerobic condition was degraded by hydrolysis of the sulfonylurea bond to give ADPM and IPSN as the primary degradation products.
On the other hand, imazosulfuron under anaerobic conditions was degraded by soil microorganisms to give HMS. Trubey et al. 8 have reported that sulfometuron-methyl underwent the cleavage of sulfonylurea bond under aerobic upland conditions. From these findings, it was assumed that imazosulfuron in upland soils underwent the hydrolysis of sulfonylurea bond to give ADPM and IPSN. Proposed degradation pathways in upland soils are shown in Fig. 6 . A significant difference in the soil degradation rate of imazosulfuron between upland and aerobic flooded conditions 6) was not observed. However the amounts of 4CO 2 generated from the soils treated with [pyr-'4C]- Table 5 The amount of imazosulfuron and degradation products in soil column and eluate in aged soils.
ND: not detected where the pesticide was easily desorbed from soils into "protected compartment" where the pesticide was hardly desorbed. Therefore, it was considered that imazosulfuron would become hardly desorbed from soils by the diffusion to "protected com-partment" during the aging period, and then the leaching potential of imazosulfuron in soils decreased. In this study, it was observed that the applied 14C hardly moved in aged soil columns as compared with the non-aged soils. ADPM and IPSN, identified as major degradation products in upland soil, had larger Freundlich K values as compared with imazosulfuron. Thus, the decrease of mobility of 14C in aged soils would be due to the formation of less mobile degradation products, nonextractable 14C, and the decrease of leaching potential of imazosulfuron during aging period as mentioned above.
The present study suggested that imazosulfuron dissipates relatively fast in upland soils, and the decrease of leaching potential with time should be taken into account when predicting the behavior of the pesticide. 
